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束骨架的空间统计方法（tract-based spatial statistics, TBSS）对内侧颞叶癫痫
（mesial temporal lobe epilepsy, MTLE）患者全脑白质体积和白质纤维束弥散张
量成像(diffusion tensor imaging, DTI)参数进行分析，并探讨 MTLE 患者脑白质结
构改变与认知水平的关系。 
材料和方法 
选取 24 例右利手 MTLE 患者，其中左侧 MTLE 12 例，右侧 MTLE 12 例，
另招募性别、年龄及受教育程度与之相匹配的 12 例健康志愿者作为对照组，使
用西门子 3.0T Trio Tim 磁共振扫描仪对研究对象行横断面 T2WI 序列、矢状位
T1WI-3D 结构像和弥散张量成像扫描。使用 VBM 法测量全脑灰白质体积及相关
比值，TBSS 法分析白质纤维束的部分各向异性（fractional anisotropy，FA）、平
均弥散率（mean diffusivity，MD）、轴向扩散率（axial diffusivity，AD）和径向






侧颞叶癫痫患者脑白质体积与 MoCA 总分呈正相关，而与病程呈负相关。 
3．与对照组相比，左右两组内侧颞叶癫痫患者脑白质纤维束 FA 显著降低，
MD、AD 及 RD 值均显著增高。差异主要位于胼胝体、钩束、上纵束、下纵束、
扣带束、丘脑前辐射、额枕下束、皮质脊髓束等白质纤维束。左侧 MTLE 组患
者双侧大脑半球白质纤维束均有 FA 值减低，而右侧颞叶癫痫组患者 FA 值减低
的脑区主要集中在右侧。左侧 MTLE 组双侧大脑半球白质纤维束 MD 值均有升















高的区域分布范围相对较局限，左侧 MTLE 组的 AD 增高区域以左侧脑区为主，
右侧 MTLE 组 AD 增高区域全部集中在右侧脑区；两组 MTLE 的 RD 值增高的
区域分布较为广泛，表现为双侧分布并偏向于患侧的特点。两组 MTLE 患者的




































The study was designed to investigate the changes of white matter volume in 
mesial temporal lobe epilepsy (MTLE) by using voxel-based morphometry (VBM) 
method，to analyze the diffusion tensor imaging (DTI) parameters of white matter by 
using tract-based spatial statistics (TBSS) method. Explore the relationship between 
white matter changes and cognition in MTLE patients.  
Materials and methods 
24 right-handed MTLE patients (12 with left-sided and 12 with right-sided MTLE) 
were enrolled. And 12 healthy volunteers were enrolled as controls. The two groups 
are matched in age, gender and educational background. The brain scans, which 
included T2-weighted imaging, T1-weighted 3D MPRAGE sequence and diffusion 
spin-echo echo-planar imaging sequence, were performed using Siemens Trio Tim 
3.0T MRI system. VBM method based on 3DT1 structural images was used to 
analyze the gray matter（GM）and white matter (WM) volume. TBSS method based on 
DTI was used to analyze white matter fractional anisotropy (FA), mean diffusivity 
(MD), axial diffusivity (AD) and radial diffusivity (RD). Montreal Cognitive 
Assessment (MoCA) were performed before MRI scan . 
Results 
1. Compared with the controls, MTLE patients had weak performances in the 
MoCA test, including visuospatial and executive capacity, naming, memory and 
abstraction abilities.  
2. Compared with the controls, MTLE patients showed decreased WM volume 
and the ratio of WM/brain volume. WM volume in MTLE patients had positive 
correlations with MoCA score while negative correlations with the duration of 
epilepsy. 
3. Compared with the controls, TBSS showed that the FA value of both left MTLE 















values were significantly increased. Apparent differences were mainly located in the 
corpus callosum, corticospinal tract, inferior longitudinal fasciculus, superior 
longitudinal fasciculus，cingulum, anterior thalamic radiation, inferior fronto-occipital 
fasciculus and uncinate fasciculus. FA reduced in left MTLE patients showed a 
bilateral distribution, slightly to the ipsilateral side, and the right MTLE had 
significantly lower FA mainly concentrated on the right brain. MD increased in the 
left MTLE patients showed a bilateral distribution, slightly to the left side, but the 
regions of higher MD in right MTLE were all in the right brain. The differences of 
AD in MTLE patients are relatively minor and circumscribed. In the left MTLE 
patients, AD increased mainly in the left side, and the abnormal AD values in right 
MTLE were wholly located in the right hemisphere. The differences of RD in MTLE 
patients showed a relatively extensive distribution, with a feature that distributing 
bilaterally and partial to the ipsilateral side. MD、AD、RD values of ipsilateral 
uncinate fasciculus to the epileptogenic zone were all increased in MTLE patients. 
Conclusion 
1. Long-term seizures of temporal lobe epilepsy cause the reduction of white 
matter volume, accompanied by changes of white matter microstructure. 
2. There were varying degrees of abnormalities in association fibers, commissural 
fibers and projection fibers in MTLE patients. The differences in left MTLE patients 
showed a bilateral distribution, slightly to the ipsilateral hemisphere， the right MTLE 
had significantly differences mainly concentrated on the ipsilateral hemisphere. 
3. Abnormal DTI parameters in ipsilateral uncinate fasciculus might be useful to 
the diagnosis of MTLE. 
4. The cognitive changes of MTLE patients were significantly correlated with the 
changes in white matter structure.  
Key words: Mesial temporal lobe epilepsy; White matter; Diffusion tensor imaging; 














第一章 前 言 
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起源位置的不同，分为内侧颞叶癫痫（mesial temporal lobe epilepsy，MTLE）、
外侧颞叶癫痫（lateral temporal lobe epilepsy, LTLE）和混合型颞叶癫痫[3]。其中
MTLE 的发病率最高，其致痫灶起源于内侧颞叶部位的结构，包括海马、海马旁
回、钩回以及杏仁核等。MTLE 最主要的病理基础是内侧颞叶脑区结构硬化，其



























联系，为 MTLE 的影像诊断提供新的线索。目前，国内外对于 MTLE 患者脑灰
质结构的研究较多，而对于脑白质的研究相对较少。 






三维容积成像是 MRI 成像技术的一大进步，TIWI 序列因其较高的灰白质对
比度而被较多地应用于脑结构的研究中。将二者结合的 3DT1 加权成像具有较高
的图像空间分辨率，显示影像准确，图像对比度高，可任意方向进行全脑的薄层
（达 1mm 甚至更小）扫描。运用 3DT1 加权成像数据可对脑区精确定位，还可
对不同脑区的灰白质体积和密度进行比较。目前常用的方法为基于体素的形态学
测量（voxel-based morphometry, VBM）的方法。该方法的特点是把全脑作为一











































通过对 DTI 数据进行张量计算分析，可获得相关的参数指标。分析 DTI 数
据最常用的参数有各向异性分数（fractional anisotropy, FA)、平均弥散率（mean 
diffusivity, MD）、轴向扩散率（axial diffusivity，AD）和径向扩散率（radial 
diffusivity, RD）（图 1-1B）。FA值是水分子各向异性成分占整个弥散张量的比例，
表示水分子弥散的各向异性程度，它的变化范围为 0～1。其中，0 代表弥散不受
限制，当λ1 = λ2 = λ3 时，FA = 0，此时为各向同性扩散；FA = 1 代表无限的各
向异性扩散。在脑脊液中 FA 值接近于零[18]，而对于形态规则的具有方向性的组




























可能意味着髓鞘形成障碍或者髓鞘脱失 [22-24]。对上述 DTI 参数进行测量和分析
可以帮助推断白质在 MTLE 等多种疾病中的病理改变。 
 
图1-1 弥散椭球体模型与DTI常用参数的计算公式 
目前 DTI数据的分析方法主要有：感兴趣区（region of interest，ROI）法、
基于体素的分析方法（voxel-based analysis, VBA）、弥散张量纤维束追踪技术
（ diffusion tensor tractography, DTT ）、基于纤维束骨架的空间统计方法








































DTT 是使用计算机软件对 DTI 数据进行大脑白质纤维成像的技术[29]，依靠
它可以辨认出大脑内的特殊纤维通道及其相互之间的连接，显示出神经纤维束轨
迹。但由于对活体纤维的跟踪定位缺乏金标准、部分容积效应、噪声等因素，跟





























扣带回的白质体积降低最为显著。一项关于单侧难治性 TLE 的 meta 分析[39]总结
出，被纳入的 6 个 VBM 研究里的 142 位右侧 TLE 患者中有 46 个坐标点灰质减
少， 8 个坐标点灰质增多；180 位左侧 TLE 患者中，有 93 个坐标点灰质减少，
9 个坐标点灰质增多。左右侧 TLE 均出现了同侧的内侧颞叶结构和双侧丘脑的异
































血氧水平依赖的功能磁共振成像（ blood oxygen level dependent functional 
magnetic resonance imaging，BOLD-fMRI）有较好的空间分辨率（2-3mm）和时
间分辨率（30-100ms），通过全脑扫描，分析 BOLD 信号的时间序列可以得到特
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